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LUBRICANT SUPPLY DEVICE, PROCESS
UNIT, IMAGE FORMING APPARATUS, AND
PROCESS UNIT MANUFACTURING
METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This patent application is based on and claims priority
pursuant to 35 U.S.C. §119 to Japanese Patent Application
Nos. 2013-050452,2013-050445, and 2013-050448, all filed
on Mar. 13, 2013, in the Japan Patent Office, the entire dis-
closure of each of which is hereby incorporated by reference
herein.

BACKGROUND OF THE INVENTION

1. Technical Field

The present invention generally relates to a lubricant sup-
ply device and a process unit and an image forming apparatus
including a lubricant supply device and further relates to a
method of manufacturing a process unit including a lubricant
supply device.

2. Description of the Background Art

In image forming apparatuses such as copiers, printers,
facsimile machines, and multifunction machines (so-called
multifunction peripherals or MFPs) having at least two of
coping, printing, facsimile transmission, plotting, and scan-
ning capabilities, typically a lubricant supply device is used to
lubricate a photoreceptor, an intermediate transfer belt, or the
like to facilitate cleaning thereof, enhance the transfer capa-
bilities thereof, and extend the operational lives thereof.

For example, the lubricant supply device includes a lubri-
cant supply member (i.e., lubricant application member),
such as a brush roller, disposed between a lubrication target,
such as the photoreceptor, and a solid lubricant and designed
to scrape off lubricant and apply the lubricant to the surface of
the photoreceptor. Such a configuration is proposed in
JP-2007-293240-A. The solid lubricant is urged toward the
brush roller by a pressing member such as a spring so that the
solid lubricant is kept in contact with the brush roller con-
stantly even when the lubricant is scraped and consumed.

SUMMARY OF THE INVENTION

In view of the foregoing, one embodiment of the present
invention provides a lubricant supply device that includes a
solid lubricant, a lubricant holder to hold the solid lubricant,
a lubricant supply member to supply lubricant to a lubrication
target, a pressing member to press the solid lubricant toward
the lubricant supply member, and a pressing force adjuster to
change an amount of pressing force exerted by the pressing
member.

Another embodiment provides a process unit that is remov-
ably mounted in an apparatus body of an image forming
apparatus and includes a photoreceptor to be lubricated and
the lubricant supply device described above.

Yet another embodiment provides an image forming appa-
ratus that includes the photoreceptor and the lubricant supply
device described above.

Yet another embodiment provides a method of manufac-
turing a process unit including a photoreceptor to be lubri-
cated and a lubricant supply device provided with a pressing
member to press a solid lubricant to a lubricant supply mem-
ber. The method includes a step of retaining the pressing
member to exert a predetermined amount of bias force in
assembling of the lubricant supply device; and a step of
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changing the amount of bias force exerted by the pressing
member as required after the lubricant supply device is
assembled.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

A more complete appreciation of the disclosure and many
of'the attendant advantages thereof will be readily obtained as
the same becomes better understood by reference to the fol-
lowing detailed description when considered in connection
with the accompanying drawings, wherein:

FIG. 1 is a schematic view of an image forming apparatus
according to an embodiment of the present invention;

FIG. 2 is a schematic view illustrating a process unit
included in the image forming apparatus shown in FIG. 1;

FIGS. 3A and 3B are front views of a lubricant supply
device according to a first embodiment, as viewed in the
direction perpendicular to both a longitudinal direction of a
solid lubricant and a direction in which the lubricant is
pressed to a supply roller;

FIG. 4A is a schematic diagram illustrating a switching
member according to an embodiment, being in a first posture;

FIG. 4B is a schematic diagram illustrating the switching
member being in a second posture;

FIG. 5 is a front view of the switching member shown in
FIGS. 4A and 4B;

FIG. 6 is a variation of the switching member;

FIGS. 7A and 7B illustrate a switching member having first
and second curved that follow an identical arc;

FIGS. 8A and 8B illustrate a switching member having
second and third curved portions that follow an identical arc;

FIGS. 9A, 9B, and 9C are schematic diagrams illustrating
movements of the switching member shown in FIGS. 7A and
7B;

FIG. 10 illustrates a configuration in which an opening is
formed in a case so that the switching member is operated
externally;

FIG. 11 illustrates a configuration in which a lid to close the
opening is provided to the case;

FIG. 12A is an end-on axial view of a process unit accord-
ing to an embodiment, provided with an interference portion
to prevent wrong installation of the process unit;

FIG. 12B is an end-on axial view of the process unit shown
in FIG. 12B installed into a proper apparatus provided with a
recess to receive the interference portion;

FIG. 13A is a front view of a switching member according
to a variation, that is shaped not to project from the opening
shown in FIG. 10;

FIG. 13B illustrates the configuration shown in FIG. 13A
as viewed in a direction Z shown in FIG. 13A;

FIGS. 14A and 14B illustrate a lubricant supply device
according to another variation;

FIG. 15 illustrates a lubricant supply device employing a
single spring as another variation;

FIGS. 16A and 16B are front views of a lubricant supply
device according to second embodiment, as viewed in the
direction perpendicular to both the longitudinal direction of
the solid lubricant and the direction in which the lubricant is
pressed to the supply roller;

FIG. 17A illustrates a state in which a support shaft is
retained at one of retaining portions of a groove serving as a
pressing force adjuster according to the second embodiment;

FIG. 17B illustrates a state in which the support shaft is
retained at the other retaining portion;

FIG. 18 is a schematic view illustrating a shape of the
groove according to the second embodiment;



US 9,207,625 B2

3

FIGS. 19A and 19B illustrate variations of the groove,
respectively;

FIG. 20 is a cross sectional view of an interior of a case
exposed by cutting the case along the longitudinal direction
thereof, as viewed from above;

FIG. 21 is a schematic view illustrating a shape of an
opening formed in the case in the second embodiment;

FIG. 22 illustrates a groove including three retaining por-
tions, according to a variation of the second embodiment;

FIGS. 23A and 23B illustrate a lubricant supply device
according to another variation;

FIG. 24 is a perspective view illustrating an exterior of the
Iubricant supply device shown in FIGS. 23A and 23B;

FIGS. 25A and 25B are front views of a lubricant supply
device according to a third embodiment, as viewed in the
direction perpendicular to both the longitudinal direction of
the solid lubricant and the direction in which the lubricant is
pressed to the supply roller;

FIG. 26A illustrates a state in which a restrainer according
to the third embodiment is attached;

FIG. 26B illustrates a state in which the restrainer is
removed;

FIG. 27 is a perspective view illustrating an exterior of the
restrainer shown in FIGS. 26 A and 26B;

FIG. 28 illustrates a variation of the third embodiment, in
which a window is provided to the case for checking the
restrainer;

FIG. 29 illustrates another variation of the third embodi-
ment, in which the restrainer is pertly exposed from the case;

FIG. 30 illustrates a configuration in which an opening is
formed in the case to enable attachment and removal of the
restrainer from outside;

FIG. 31A is an end-on axial view of a process unit as a
variation of the third embodiment, provided with an interfer-
ence portion to prevent wrong installation thereof;

FIG. 31B is an end-on axial view of the process unit shown
in FIG. 31B installed in a proper installation portion;

FIG. 32 is a cross-sectional view along line X-X shown in
FIG. 31A;

FIG. 33 is a schematic view illustrating a configuration as
a variation of the third embodiment, in which multiple
restrainers are attached to the spring; and

FIGS. 34A and 34B illustrate a lubricant supply device
according to another variation of the third embodiment.

DETAILED DESCRIPTION

In describing preferred embodiments illustrated in the
drawings, specific terminology is employed for the sake of
clarity. However, the disclosure of this patent specification is
not intended to be limited to the specific terminology so
selected, and it is to be understood that each specific element
includes all technical equivalents that operate in a similar
manner and achieve a similar result.

The amount of lubricant supplied by a lubricant supply
member such as a brush roller varies in accordance with, in
addition to the force with which a solid lubricant is pressed to
the brush roller, the rotational velocity of the brush roller.
Generally, as the rotational velocity of the brush roller
decreases, the amount of lubricant scrapped off by the brush
roller decreases, and the amount of lubricant supplied
decreases accordingly. For example, in a case where common
driving sources are used for brush rollers and photoreceptors
of different machine types, in a machine type in which the
velocity of the photoreceptor is different, the rotational veloc-
ity of the brush roller is different accordingly. In this case, it
is necessary to set the pressing force for each machine type.

10

15

20

25

30

35

40

45

50

55

60

65

4

Further, in multicolor image forming apparatuses, there are
cases where the amount of lubricant supplied differs depend-
ing on the charge type between the image forming unit for
forming black images and the charge type of the image form-
ing unit for forming other color images. In this case, the
pressing force is set to different amounts between the image
forming unit for black and other image forming units.

In conventional lubricant supply devices, however, it is
difficult to change the pressing force. Therefore, pressing
members in multiple types are produced to satisfy an inherent
amount of pressing force for each machine type or each image
forming unit. Accordingly, inventory management and
assembling work are complicated.

Inview of the foregoing, an aim of embodiments described
below is to provide a lubricant supply device in which the
pressing force to press a solid lubricant to a lubricant supply
member can be changed easily; a process unit and an image
forming apparatus incorporating the lubricant supply device;
and a method of manufacturing the process unit.

Itis to beunderstood that like reference numerals designate
identical or corresponding parts throughout the several views
thereof, and redundant descriptions are omitted or simplified
below.

Referring now to FIG. 1, a multicolor image forming appa-
ratus according to an embodiment of the present invention is
described.

FIG. 1 is a schematic view of an image forming apparatus
according to an embodiment of the present invention, and
FIG. 2 is a schematic view illustrating a process unit (i.e., an
image forming unit) included in the image forming apparatus
shown in FIG. 1.

An image forming apparatus 1000 shown in FIG. 1
includes four process units (image forming units) 1Y, 1C, 1M,
and 1Bk removably installable in an apparatus body 100
thereof. The process units 1Y, 1C, 1M, and 1Bk respectively
contain yellow (Y), magenta (M), cyan (C), and black (Bk)
developer (i.e., toner) corresponding to decomposed color
components of full-color images and have a similar configu-
ration except the color of developer contained therein.

It is to be noted that the suffixes Y, M, C, and K attached to
each reference numeral indicate only that components indi-
cated thereby are used for forming yellow, magenta, cyan, and
black images, respectively, and hereinafter may be omitted
when color discrimination is not necessary.

More specifically, as shown in FIG. 2, each process unit 1
includes a drum-shaped photoreceptor 2 serving as an image
bearer, a charger 3 to charge the surface of the photoreceptor
2, a developing device 4 to supply toner to the surface of the
photoreceptor 2, a cleaning unit 5 to clean the surface of the
photoreceptor 2, and a lubricant supply device 6 to supply
lubricant to the surface of the photoreceptor 2.

The charger 3 includes a charging roller 30 disposed in
contact with the photoreceptor 2 and a roller cleaner 31 dis-
posed to contact the charging roller 31.

The developing device 4 includes a development casing 40
to contain toner serving as developer, a developing roller 41 to
bear toner on its surface, a doctor blade 42 serving as a
developer regulator to regulate the amount of toner on the
developing roller 41, and conveying screws 43 and 44 to
transport toner contained in the development casing 40 to the
developing roller 41. The developing roller 41 is disposed
facing the photoreceptor 2 via an opening formed in the
development casing 40.

The cleaning unit 5 includes a cleaning blade 50 disposed
to contact the photoreceptor 2 to remove toner remaining on
the photoreceptor 2 and a waste-toner conveying coil 51 to
transport the removed toner to a waste toner bottle.
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The lubricant supply device 6 includes a solid lubricant 60,
a supply roller 61 serving as a lubricant supply member, a
pressing member 62 to press the solid lubricant 60 toward the
supply roller 61, a case 63 to house the solid lubricant 60 and
the pressing member 62, and a leveling blade 64 to level off
Iubricant supplied to the photoreceptor 2 into a uniform thin
layer. The supply roller 61 is disposed in contact with the
surface of the photoreceptor 2 and rotatable in the reverse
(counter) direction to the direction of rotation of the photo-
receptor 2 in the contact position with the photoreceptor 2.
The supply roller 61 can be a brush roller including a number
of fibers on the surface thereof, or a urethane roller con-
structed of foam polyurethane.

The solid lubricant 60 in the present embodiment includes
zinc stearate as a main ingredient. More specifically, the solid
Iubricant 60 preferably includes a lubricating oil additive
consisting essentially of zinc stearate, dissolved therein, so
that no adverse effect is caused by excessive lubrication and a
sufficient lubricity is attained. Zinc stearate is a typical lamel-
lar crystal powder. Lamellar crystals have a layer structure
including self-organization of an amphiphilic molecule, and
the crystal is broken easily along junctures between layers
and becomes slippery receiving shearing force. Accordingly,
friction on the surface of the photoreceptor 2 can be reduced.

That is, the surface of the photoreceptor 2 can be coated
effectively with a small amount of lubricant by lamellar crys-
tals that cover the surface of the photoreceptor 2 uniformly
upon shearing force.

It is to be noted that, in addition to zinc stearate, examples
of the solid lubricant 60 include those including a stearate
group such as barium stearate, iron stearate, nickel stearate,
cobalt stearate, stearate copper, strontium stearate, and cal-
cium stearate. Examples of the solid lubricant 60 further
include those including a similar fatty acid group such as zinc
oleate, barium oleate, lead oleate, and oleate compounds
similar to the stearate compounds listed above; and zinc
palmitate, barium palmitate, lead palmitate, and palmitate
compounds similar to the stearate compounds listed above.
Additionally, as fatty acid groups, caprylic acid, linolenic
acid, co-linolenic acid can be used. Further, candelilla wax,
carnauba wax, rice wax, Japan wax, jojoba oil, beeswax, and
lanolin can be used.

Those listed above can become solid organic lubricant
easily and go well with toner. Yet further, in addition to
organic lubricants, the solid lubricant 60 may be those includ-
ing the fatty acid groups mentioned above and at least boron
nitride, which is an inorganic lubricant, mixed therein.

Referring back to FIG. 1, an overall configuration of the
image forming apparatus 1000 is described below.

Multiple toner bottles 7 are removably mountable in the
apparatus body 100. The toner bottles 7 contain different
color toners, and toner is transported from the toner bottle 7
through a toner conveying tube to the corresponding devel-
oping device 4.

An exposure unit 8 is provided beneath the process units 1
in FIG. 1 to expose to light the surface of each photoreceptor
2. The exposure device 8 emits laser beams L. (shown in FIG.
2) to the respective photoreceptors 2.

Additionally, a transfer device 9 is provided above the
process units 1. The transfer device 9 includes an intermediate
transfer belt 10 that can be an endless belt, four primary-
transfer rollers 11 serving as primary transfer members, and a
secondary-transfer roller 12 serving as a secondary transfer
member. The intermediate transfer belt 10 is stretched around
multiple support rollers. As one of the support rollers rotates,
the intermediate transfer belt 10 rotates in the direction indi-
cated by arrow shown in FIG. 1.
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The four primary-transfer rollers 11 are disposed in contact
with the respective photoreceptors 2 via the intermediate
transfer belt 10. Thus, the photoreceptor 2 contacts the inter-
mediate transfer belt 10, forming a primary-transfer nip ther-
ebetween, where toner is transferred to the photoreceptor 2.
Each primary-transfer roller 11 is electrically connected to a
power source and receives a predetermined amount of voltage
including at least one of direct-current (DC) voltage and
alternating current (AC) voltage.

The secondary-transfer roller 12 contacts, via the interme-
diate transfer belt 10, one of the support rollers around which
the intermediate transfer belt 10 is stretched. Thus, a second-
ary-transfer nip is formed between the secondary-transfer
roller 12 and the intermediate transfer belt 10 for secondary
image transfer. Similarly to the primary-transfer rollers 11,
the secondary-transter roller 12 is electrically connected to a
power source and receives a predetermined amount of voltage
including at least one of DC voltage and AC voltage.

Above the apparatus body 100, a document reading unit 13
to read image data of originals and a document conveyance
unit 14 to transport originals to the document reading unit 13
are provided.

Beneath the apparatus body 100, a sheet tray 15 for con-
taining sheets P, serving as recording media, and a feed roller
16 to feed the sheets P from the sheet tray 15 are provided. The
recording media include, in addition to standard copy paper,
heavy paper, post cards, thin paper such as tracing paper,
coated paper, overhead projector (OHP) films, and special
purpose sheets.

A conveyance path R is formed inside the apparatus body
100, and the sheet P is conveyed from the sheet tray 15 to the
secondary-transfer nip and further outside the apparatus body
100 along the conveyance path R. On the conveyance path R,
a pair of registration rollers 17 (timing rollers) is provided
between the feed roller 16 and the secondary-transfer roller
12. Additionally, a fixing device 18 to fix the toner image on
the sheet P is provided on the conveyance path R downstream
from the secondary-transfer roller 12 in the direction in which
the sheet P is transported (hereinafter “sheet conveyance
direction”). At the end of the conveyance path R, a pair of
discharge rollers 19 is provided to discharge the sheet P
outside the apparatus body 100, and a discharge tray 20 is
provided to the apparatus body 100.

Operation of the image forming apparatus 1000 is
described below.

When image formation is started, the photoreceptors 2 in
the respective process units 1 are rotated, and the charging
rollers 30 uniformly charge the surfaces of the photoreceptors
2 to a predetermined polarity. Then, the exposure device 8
directs laser beams L onto the charged surfaces of the respec-
tive photoreceptors 2 according to, for example, image data of
originals read by the document reading unit 13 or acquired
from external devices such as computers. Thus, electrostatic
latent images are formed on the respective photoreceptors 2.
At that time, each photoreceptor 2 is exposed accordingly
single color data, namely, yellow, cyan, magenta, or black
color data decomposed from full-color image data to be
recorded.

The electrostatic latent images formed on the photorecep-
tors 2 are developed into toner images with toner supplied by
the respective developing devices 4. Specifically, after the
doctor blade 42 adjusts the layer thickness of toner carried on
the developing roller 41 that rotates counterclockwise in F1G.
2, toner is transported to the development range between the
developing roller 41 and the photoreceptor 2. In the develop-
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ment range, toner electrostatically adheres to the electrostatic
latent image formed on the photoreceptor 2, thus developing
it into a toner image.

Additionally, when the image forming operation is started,
the intermediate transfer belt 10 is rotated. The predetermined
voltage (i.e., transfer bias voltage), polarity of which is oppo-
site of toner charging polarity, is applied to the respective
primary-transfer rollers 11, thus forming transfer electrical
fields in the primary-transfer nips. The transfer bias voltage
may be a constant voltage or voltage controlled in constant-
current control method.

The transfer electrical fields generated in the primary-
transfer nips transfer the toner images from the respective
photoreceptors 2 and superimpose them one on another on the
intermediate transfer belt 10. Thus, a multicolor toner image
is formed on the intermediate transfer belt 10.

After primary transfer, the cleaning units 5 remove toner
remaining on the respective photoreceptors 2. Specifically,
the cleaning blade 50 shown in FIG. 2 removes toner remain-
ing on the photoreceptor 2, and the waste-toner conveying
coil 51 transports toner thus collected to the waste-toner
bottle. Then, the rotating supply roller 61 applies lubricant
onto the surface of the photoreceptor 2, and the leveling blade
64 levels off the lubricant on the photoreceptor 2.

In the lower portion of the image forming apparatus 1000,
the feed roller 16 starts rotating, sending out the sheet P from
the sheet tray 15 to the conveyance path R. Then, the regis-
tration rollers 17 forward the sheet P to the secondary-transfer
nip formed between the secondary-transfer roller 12 and the
intermediate transfer belt 10, timed to coincide with the mul-
ticolor toner image on the intermediate transfer belt 10. At
that time, the transfer bias voltage whose polarity is opposite
that of the toner image on the intermediate transfer belt 10 is
applied to the secondary-transfer roller 12, and thus the trans-
fer electrical field is formed in the secondary-transfer nip.

When the rotating intermediate transfer belt 10 reaches the
secondary-transfer nip, the toner image is transferred from
the intermediate transfer belt 10 onto the sheet P by the
transfer electrical fields generated in the secondary-transfer
nip.

Subsequently, the toner image is fixed on the sheet P by the
fixing device 18. The pair of discharge rollers 19 discharges
the sheet P outside the apparatus, to the discharge tray 20.

It is to be noted that, although the description above con-
cerns multicolor image formation, alternatively, the image
forming apparatus 1000 can form single-color images,
bicolor images, or three-color images using one, two, or three
of the four process units 1.

[First Embodiment]

Descriptions are given below ofthe lubricant supply device
6 according to a first present embodiment.

FIGS. 3A and 3B are front views of the lubricant supply
device 6 according to the present embodiment, as viewed in
the direction perpendicular to both the longitudinal direction
(lateral direction in FIGS. 3A and 3B) of the solid Iubricant 60
and the direction in which the lubricant is pressed to the
supply roller 61 (upward in FIGS. 3A and 3B).

As shown in FIGS. 3A and 3B, the pressing member 62
according to the present embodiment includes a pair of arms
65 to press the solid lubricant 60, and a pair of springs 66,
serving as an elastic member, each urging the arm 65. The
arms 65 are disposed symmetrically with respect to a center in
the longitudinal direction of the solid lubricant 60. Each arm
65 is pivotable in the direction indicated by arrow A shown in
FIG. 3A about a support shaft 67 provided to a lubricant
holder 68 holding the solid lubricant 60. The lubricant holder
68 extends in the longitudinal direction of the solid lubricant
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60 in the configuration shown in the drawings. The springs 66,
each of which is a tension spring in the configuration shown
in FIGS. 3A and 3B, are hooked between the arms 65 in an
elongated state longer than its natural length. The spring 66 is
hooked on one end of the arm 65. As one end of the arm 65 is
pulled to the side of the spring 66 by the bias force of the
spring 66, the other end of the arm 65 contacts the case 63 and
is kept pressing the case 63. Receiving reactive force from the
force pressing the case 63, the lubricant holder 68 and the
solid lubricant 60 held thereby are pressed to the supply roller
61.

As the solid lubricant 60 is consumed and becomes smaller
from the state shown in FIG. 3A, the arms 65 are rotated by
the pulling force exerted by the springs 66 as shown in FIG.
3B. As the arms 65 rotate or pivot in response to the consump-
tion of the solid lubricant 60, the solid lubricant 60 can be
pressed to the supply roller 61 and retained in that state.

Additionally, the present embodiment is designed such that
ahooked position B where the spring 66 is hooked on the arm
65 does not easily change even when the arm 65 rotates. That
is, the hooked position B is disposed close to the support shaft
67. This arrangement can reduce fluctuations in the distance
between the respective hooked positions B, that is, differ-
ences between a distance D1 (shown in FIG. 3A) between the
hooked positions B before the arms 65 rotate and a distance
D2 (shown in FIG. 3B) between the hooked positions B after
the arms 65 rotate. Accordingly, this arrangement can reduce
fluctuations in the pressing force inherent to the consumption
of the solid lubricant 60.

The lubricant supply device 6 according to the present
embodiment further includes a switching member 71 serving
as the pressing force adjuster.

The switching member 71 is disposed between the pair of
springs 66, and the posture thereof can be switched between
a first posture shown in FIG. 4A and a second posture shown
in FIG. 4B. Specifically, the switching member 71 can be
moved between the first posture to connect together an end
664 of the spring 66 and an end 665 of the other spring 66 (i.e.,
a supporter to support the end 66a) with the distance (given
reference character M1 in FIG. 4A) therebetween reduced in
the biasing direction of the springs 66, and the second posture
to connect together the ends 66a and 665 of the respective
springs 66 with the distance (given reference character M2 in
FIG. 4B) increased in the biasing direction of the springs 66.
The material of the switching member 71 can be resin, metal,
or the like, and metal is preferred when durability against
pulling force of the springs 66 and impact is considered.

The switching member 71 includes first and second curved
portions 71a and 715 that serve as two hook portions on
which the ends 664 and 665 of the respective springs 66 are
hooked when the switching member 71 is in the first posture
shown in FIG. 4A. The switching member 71 further includes
a third curved portion 71¢ different from the first and second
curved portions 71a and 715. Hereinafter the first, second,
and third curved portions 71a, 715, and 71c are also referred
to as “curved portions 71a, 715, and 71¢” simply. When the
switching member 71 is in the second posture shown in FIG.
4B, the second and third curved portions 715 and 71c¢ serve as
the two hook portions on which the ends 66a and 665 of the
respective springs 66 are hooked.

Additionally, the ends 66a and 665 of the respective
springs 66, hooked on the curved portions 71a, 715, and 71c,
are annular or circular. This configuration can facilitate
removal and hooking of the curved portions 71a, 715, and 71¢
on the ends 66a and 665 of the respective springs 66 and
excels in operability.



US 9,207,625 B2

9

Referring to FIG. 5, the first and second curved portions
71a and 715 are positioned on one side (on the right in FIG. 5)
in the longitudinal direction of the switching member 71 and
continuous with each other. The third curved portion 71c¢ is
positioned on the other side (on the left in FIG. 5) of the
switching member 71 opposite the curved portions 71a and
71b. The third curved portion 71c¢ is away from the first
curved portion 71a and continuous with the second curved
portion 714.

Additionally, retainers 714 and 71e are formed at the end
on the side of the first curved portion 71a and the end on the
side of the third curved portion 71c¢ to prevent the springs 66
from being disengaged. Specifically, the end on the side of the
first curved portion 71a is folded toward the second curved
portion 715 (to the right in FIG. 5), thus forming the retainer
71d. By contrast, the retainer 71e on the side of the third
curved portion 71c¢is formed by folding the end of the switch-
ing member 71 on that side to the second curved portion 715
(to the right in FIG. 5) and further curving (downward in FIG.
5) the end toward a connecting portion 71f connecting
together the second and third curved portions 715 and 71c.

Additionally, as in a switching member 71-1 shown in FI1G.
6 as a variation, the end of the retainer 71e on the side of the
third curved portion 71¢ can be further folded to the third
curved portion 71c¢ (to the left in FIG. 6).

As shown in FIG. 5, a clearance E is secured between the
end of the retainers 714 and the connecting portion 71f, and a
clearance F is secured between the end of the retainer 71e¢ and
the connecting portion 71f. The clearances E and F are greater
than the diameter of the wire rod forming the springs 66. This
configuration is for the hooked ends 66a and 665 of the
springs 66 to smoothly pass through the clearances E and F
when moving between the second and the third curved por-
tions 715 and 71c.

Additionally, in the present embodiment, the first and sec-
ond curved portions 71a and 715 follow an identical or sub-
stantially identical arc. This configuration can inhibit fluctua-
tions in the distance M1 between the ends 66a and 665 of the
respective springs 66 hooked on the first and second curved
portions 71a and 715 (i.e., distance between hook positions
(G) when the switching member 71 changes its posture to a
certain degree in a state in which the springs 66 are hooked on
the first and second curved portions 71a and 715 as shown in
FIGS. 7A and 7B. In other words, the strength of the pressing
force can be kept constant since the amount by which the
springs 66 are elongated does not change even when the
switching member 71 changes its posture to a certain degree.

FIGS. 8A and 8B illustrate a switching member 71-2 as a
similar approach. As shown in FIGS. 8A and 8B, instead of
the first and second curved portions 71a and 715, the second
and third curved portions 716 and 71c¢ may be formed to
follow an identical or substantially identical arc. In this con-
figuration as well, the strength of the pressing force can be
kept constant since a distance K1 between hook positions J is
not changed when the switching member 71 changes its pos-
ture to a certain degree in a state in which the springs 66 are
hooked on the second and third curved portions 7156 and 71c.

Referring to FIGS. 9A to 9C, descriptions are given below
of switching the switching member 71 to change the pressing
force pressing the solid lubricant 60 between a greater force to
a smaller force.

Referring to FIG. 9A, the pressing force is greater when the
switching member 71 is in the first posture. As the switching
member 71 being in the first posture is rotated in the direction
indicated by arrow Y1, the hooked ends 66a and 665 of the
respective springs 66 move as shown in FIG. 9B. More spe-
cifically, in accordance with rotation of the switching member
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71, the end 664 of the spring 66 on the right in FIGS. 9A 10 9C,
hooked on the first curved portion 71a, moves to the second
curved portion 715, and the end 665 of the spring 66 on the
left in these drawings, hooked on the second curved portion
71b, moves to the third curved portion 71c.

When the switching member 71 is rotated further and
reaches a certain rotation angle, the switching member 71
automatically rotates due to the pulling force exerted by the
springs 66. Then, as shown in FIG. 9C, the switching member
71 is reversed to the second posture. When the switching
member 71 thus takes the second posture, the end 664 of the
spring 66 on the right in FIGS. 9A to 9C is hooked on the
second curved portion 715, and the end 665 of the spring 66
on the left in these drawings is hooked on the third curved
portion 71c. The switching member 71 is retained in this state.

When the switching member 71 is switched from the first
posture to the second posture as described above, the distance
between the hook positions G of the respective springs 66 is
increased from the distance M1 shown in FIG. 4A to the
distance M2 shown in FIG. 4B. By contrast, the length of the
spring 66 decreases from the length N1 shown in FIG. 4A to
the length N2 shown in FIG. 4B. Consequently, the pulling
force is weakened, and the strength of pressing force with
which the solid lubricant 60 is pressed to the supply roller 61
is weakened accordingly. Thus, the pressing force can be
reduced easily from the greater force to the smaller force by
switching the switching member 71 from the first posture to
the second posture.

As described above, in lubricant supply devices, typically
there is a need of varying the force pressing the solid lubricant
in accordance with differences in the configuration of the
image forming apparatus, such as the rotational velocity of
the supply roller, the charge type ofthe image forming unit, or
the like.

In the present embodiment, however, the lubricant supply
device 6 includes the pressing force adjuster with which the
pressing force can be changed easily. In the embodiment
shown in FIGS. 3A to 9C, the switching member 71 serves as
the pressing force adjuster. The switching member 71 is pre-
liminarily disposed in an identical posture (first or second
posture) in all process units 1 in manufacturing, thereby set-
ting the pressing force identical in all process units 1 regard-
less of differences in configurations, and the posture is
changed as required later.

For example, when the switching member 71 is set in the
first posture in manufacturing, the pressing force is set to the
greater force. After the lubricant supply devices 6 is
assembled in the process units 1, or at a final manufacturing
process, the switching member 71 is switched to the second
posture, as required, to reduce the pressing force to the
smaller force. On the contrary, the switching member 71 can
be preliminarily retained in the second posture and switched
to the first posture to increase the pressing force as required.

For example, even when there is a possibility that the
Iubricant supply devices 6 are incorporated in both of a
machine type in which the linear velocity of the supply roller
61 is faster and a machine type in which the linear velocity of
the supply roller 61 is slower, the switching members 71 in the
respective process units 1 are retained in identical posture
(one of'the first and second postures). In other words, regard-
less of the machine type in which the lubricant supply device
is incorporated, the pressing force with which the solid lubri-
cant 60 is pressed is set to the greater force to fit the slower
machine type or the smaller force to fit the faster machine
type. In a case where the switching member 71 is retained in
the first posture to fit the slower machine type preliminarily
(e.g., in manufacturing), when the lubricant supply device 6 is
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incorporated in the slower machine type, the posture of the
switching member 71 is not changed and the lubricant supply
device 6 is mounted as is. By contrast, when the lubricant
supply device 6 is incorporated in the faster machine type, the
pressing force can be smaller. Accordingly, the switching
member 71 is switched to the second posture to reduce the
pressing force.

Alternatively, the posture of the switching member 71 may
be switched depending on the charge type between the image
forming unit for forming black images and the charge type of
the image forming unit for forming other color images. The
pressing force can be changed easily to a suitable amount by
preliminarily retaining the switching member 71 in either of
the first and second postures and switching the posture to the
other posture when the difference in charge type causes dif-
ferences in the necessary amount of supply of lubricant.

It is preferred that the switching member 71 can be oper-
ated externally after the process unit 1 is assembled. For
example, in a configuration in which the case 63 (shown in
FIG. 2) of the lubricant supply device 6 is removable from the
outside, the switching member 71 can be switched externally
after assembling of the process unit 1 is completed. With this
configuration, the pressing force can be changed easily at
markets or user sites.

Additionally, as shown in FIG. 10, an opening 72 may be
formed in the case 63 at the position where the switching
member 71 is housed so that the switching member 71 can be
operated from the outside. This configuration can eliminate
the necessity of removal of the case 63 to switch the posture
of the switching member 71 and thus further facilitate the
switching.

Further, when the opening 72 is formed in the case 63, as
shown in FIG. 11, it is preferred to provide a lid 73 to the
opening 72 to inhibit scattering of lubricant and toner there-
from. In this configuration, the posture of the switching mem-
ber 71 can be switched when the lid 73 is removed from the
case 63. When the 1id 73 is formed with a transparent material,
the posture of the switching member 71 can be visually
checked from the outside in a state in which the lid 73 closed.

Alternatively, the color or shaped of the lid 73 may be
varied depending on the posture of the switching member 71.
Inthis case, the posture of the switching member 71 (i.e., state
of'the switching member 71) can be known by confirming the
difference in color or shape of the lid 73. Accordingly, this
configuration can inhibit the occurrence of error that the
apparatus is provided with a wrong lubricant supply device 6
or a wrong process unit 1 in which the pressing force is set to
a different pressing force from the target pressing force.

Yet additionally, the lid 73 may be provided with an inter-
ference portion, such as an interference projection 74 shown
in FIG. 12A, designed to interfere with a frame of the appa-
ratus body 100 (at the position indicated by a reference char-
acter Q shown in FIG. 12A) when the wrong lubricant supply
device 6 or the wrong process unit 1 is installed. This con-
figuration can prevent installation of the wrong lubricant sup-
ply device 6 or the wrong process unit 1.

By contrast, as shown in FIG. 12B, by forming arecess 101
to avoid the interference projection 74 can be formed at the
proper installation portion. This configuration enables instal-
lation of the lubricant supply device 6 or the process unit 1 in
the proper installation portion.

Itis to be noted that, in the configuration shown in FIG. 10,
the switching member 71 is retained with the end thereof (on
the right in FIG. 10) protruding to the outside from the open-
ing 72. The protruding end of the switching member 71 is
preferably contained inside the case 63 if the protruding end
increases the installation space of the process unit 1 or there is
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the risk of interference between the protruding end and
another process unit 1 or the like. In the configuration shown
in FIG. 10, however, it is difficult to dispose the end of the
switching member 71 inside the case 63 since the end of the
switching member 71 interferes with the outer circumference
of the spring 66 on the right in FIG. 10.

Specifically, referring to FIGS. 13 A and 13B, the switching
member 71 includes a portion 71g disposed facing the outer
circumference of the spring 66, that is, the portion 71g that
may interfere with the spring 66 (hereinafter “opposed por-
tion 71g”). To avoid the interference, the opposed portion 71g
may be deformed to conform to the outer circumferential
shape of the spring 66. FIG. 13B illustrates the switching
member 71 and the spring 66 as viewed in the direction
indicated by arrow Z shown in FIG. 13A. In this case, as
shown in FIG. 13B, the switching member 71 is bent so that
the opposed portion 71g is oblique to the rest of the switching
member 71, conforming to the outer circumference of the
spring 66. With this configuration, the switching member 71
can be held inside the case 63. Accordingly, interference with
another component can be avoided, and installation space can
become compact. It is to be noted that the angle at which the
switching member 71 is bent can be determined in accor-
dance with the outer diameter of the spring 66.

FIGS. 14A and 14B illustrate a lubricant supply device
according to a variation.

The configuration shown in FIGS. 14A and 14B is different
from that shown in FIGS. 3A and 3B in that the support shafts
67 to support the respective arms 65 are provided to not the
lubricant holder 68 but the case 63. Here, a face of the lubri-
cant holder 68 holding the solid lubricant 60 is referred to as
“first face”, and the opposite face of the lubricant holder 68 is
referred to as “second face”. As one end of the arm 65 is
pulled to the side of the spring 66 by the bias force of the
spring 66, the other end of the arm 65 contacts and presses the
second face of the lubricant holder 68 opposite the first face
holding the solid lubricant 60. Other than that, the configu-
ration shown in FIGS. 14A and 14B is similar to that shown
in FIGS. 3A and 3B. In the lubricant supply device 6 shown in
FIGS.14A and 14B as well, the pressing force can be changed
easily by providing the switching member 71 between the
pair of springs 66 and switching the posture of the switching
member 71.

Additionally, as shown in FIG. 15, the above-described
aspects of the present invention can adapt to a configuration
employing a single spring 66. Specifically, in the configura-
tion shown in FIG. 15, a long supporter 75 is used instead of
the other spring 66. In this case, the arms 65 are connected
together by the long supporter 75, the spring 66, and the
switching member 71 interposed therebetween, thereby
enabling the bias force (pulling force) exerted by the single
spring 66 to pull the two arms 65 and apply pressing force to
the solid lubricant 60. Thus, the supporter to support the end
664 of the spring 66 opposite its end hooked on the arm 65 can
be a member (i.e., long supporter 75) that does not applies
bias force. In this configuration, similarly the pressing force
can be reduced easily by switching the posture of the switch-
ing member 71. This configuration is advantageous particu-
larly in reducing variations in bias force since bias force
tolerances of the springs 66 are not piled up.

As described above, in the first embodiment and the varia-
tions thereof, the pressing force pressing the solid lubricant
60 to the supply roller 61 (i.e., lubricant supply member) can
be changed easily changing the posture of the switching
member 71, 71-1, or 71-2 serving as the pressing force
adjuster in accordance with differences in configuration (ro-
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tational velocity of the supply roller 61, the charge type of the
image forming unit, or the like).

[Second Embodiment]

FIGS. 16A and 16B are schematic views of a lubricant
supply device according to a second embodiment.

It is to be noted that, as described above with reference to
FIGS. 3A and 3B, in FIGS. 16 A and 16B, reference character
B represents the hooked positions B, where the springs 66 are
hooked on the respective arms 65, and reference characters
D1 and D2 represent the distance between the hooked posi-
tions B.

In the lubricant supply device 6 shown in FIGS. 16A and
16B, two grooves 91 are formed as the pressing force adjuster
to change the pressing force exerted by the pressing member
62. The two grooves 91 are symmetrical to each other with
respect to a center of the lubricant holder 68 in the longitudi-
nal direction thereof. The support shafts 67 of the arms 65 are
inserted into the respective grooves 91.

The support shaft 67 is movable along the groove 91
between a first position (shown in FIG. 17A) retained at a first
end 91a of the groove 91 and a second position (shown in FIG.
17B) retained at a second end 915 of the groove 91.

As shown in FIG. 18, the groove 91 has a bent shape.
Specifically, the groove 91 extends from the first end 91a
(upper end in FIG. 18) in the direction opposite the direction
indicated by arrow S, in which the spring 66 pulls the arm 65
(hereinafter “bias direction S). Then, the groove 91 is bent
into the direction (downward in FIG. 18) perpendicular to the
bias direction 5, bent again into the bias direction 5, and
extends in the bias direction S to the second end 915 (on the
lower side in FIG. 18).

In the groove 91, the first and second ends 91a and 915
respectively serve as first and second retaining portions (here-
inafter also “first and second retaining portions 91a and 915”)
to retain the support shaft 67 against the bias force exerted by
the spring 66. Between the first and second retaining portions
91a and 915, a guide portion 914 to guide the support shaft 67
extends. Thus, the groove 91 forms the multiple retaining
portions 91a and 915 and the guide portion 914.

Itis to be noted that the shape of the groove 91 is not limited
to the specific shape shown in those drawings.

For example, FIG. 19A illustrates a groove 91-1 that is bent
from the second retaining portion 915 toward the first retain-
ing portion 91a into the direction substantially perpendicular
to the bias direction S of the spring 66. Alternatively, FIG.
19B illustrates a groove 91-2 that is bent from the second
retaining portion 915 toward the first retaining portion 91a in
a direction crossing the bias direction S of the spring 66 and
oblique to the bias direction S. The configurations shown in
FIGS. 18 and 19B are advantageous particularly in inhibiting
unintended movement of the support shaft 67 since these
configurations include a restricting portion 91e to guide the
support shaft 67 in the direction opposite the bias direction S
when the support shaft 67 moves from the first retaining
portion 91a to the second retaining portion 914.

The first and second retaining portions 91a and 915 are
formed at different positions from each other in the bias
direction S of the spring 66. In other words, the first and
second retaining portions 91a and 915 retain the arm 65 (the
support shaft 67 in particular), which supports the end of the
spring 66, at different positions in the bias direction S.

With this configuration, the distance (distance W1 shown
in FIG. 17A and distance W2 shown in FIG. 17B) between the
two support shafts 67 defers depending on the portions (either
the first retaining portions 91a or the second retaining por-
tions 915) where the support shafts 67 are retained. In this
configuration, the distance W2 (shown in FIG. 17B) between
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the support shafts 67 being retained at the second retaining
portions 915 is smaller than the distance W1 (shown in FIG.
17A) between the support shafts 67 being retained at the first
retaining portions 91a.

Inthe state (shown in FIG. 17A) in which the support shafts
67 are held by the first retaining portions 91a, the distance W1
is greater and the spring 66 is pulled with a stronger force. In
this state, the spring 66 exerts an increased pulling force, thus
giving an increased bias force to the arms 65. Accordingly, the
pressing force pressing the solid lubricant 60 to the supply
roller 61 is kept at a greater force.

By contrast, in the state (shown in FIG. 17B) in which the
support shafts 67 are held by the second retaining portions
915, the distance therebetween is reduced and tension of the
pulled spring 66 is loosened. Consequently, the bias force
given to the arms 65 is weakened, and the strength of pressing
force with which the solid lubricant 60 is pressed to the supply
roller 61 is weakened accordingly. Thus, the pressing force
can be reduced easily by switching the positions where the
respective support shafts 67 are held from the first retaining
portions 91a to the second retaining portions 914.

The support shafts 67 can be preliminarily held by com-
mon retaining portions (either the first retaining portions 91a
or the second retaining portions 915) in all process units 1 in
manufacturing, thereby setting the pressing force identical in
all process units 1, regardless of differences in configurations.
After the lubricant supply devices 6 is assembled in the pro-
cess units 1, or at a final manufacturing process, in the second
embodiment shown in FIGS. 16A to 18, the position of the
support shaft 67 is changed from one of the first and second
retaining portions 91a and 915 to the other as required.

As described above, according to the second embodiment
and variations thereof, in the lubricant supply device 6 that
includes the lubricant supply member (i.e., supply roller 61)
to supply lubricant to a lubrication target and the elastic
member (i.e., spring 66) to exert bias force for pressing the
solid lubricant 60 to the lubricant supply member, the sup-
porter (i.e., support shaft 67) to support the end of the elastic
member is movable in the biasing direction of the elastic
member, and the multiple retaining portions (i.e., first and
second retaining portions 91a and 915) are provided at dif-
ferent positions in the biasing direction to retain the supporter
at different positions. The first and second retaining portions
91a and 9154 serve as the pressing force adjuster with which
the pressing force can be changed easily.

Specifically, in the second embodiment, the pressing force
can be changed easily by changing the position of the support
shaft 67, serving as the supporter to support the end of the
spring 66 (i.e., elastic member) between the first and second
retaining portions 91a and 915 of the groove 91.

The support shaft 67 is preliminarily disposed in either first
or second retaining portions 91a and 916 commonly in all
process units 1 in manufacturing, thereby setting the pressing
force identical in all process units 1 regardless of differences
in configurations, and the position of the support shaft 67 is
changed along the groove 91 as required later in accordance
with differences in configuration (rotational velocity of the
supply roller 61, the charge type of the image forming unit, or
the like).

Thus, the second embodiment also concerns a method of
manufacturing a process unit that is removably installed in an
apparatus body of an image forming apparatus. The process
unit includes a photoreceptor serving as a lubrication target
and the lubricant supply device provided with the elastic
member to exert bias force for pressing the solid lubricant to
the lubricant supply member. The method includes the fol-
lowing steps of: in assembling of the lubricant supply device,
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the supporter to support the end of the elastic member is
retained at one of multiple retaining portions provided at
different positions in the biasing direction of the elastic mem-
ber; and after the lubricant supply device is assembled, the
supporter is moved to another retaining portion as required.

It is preferred that the position of the support shaft 67 can
be changed externally after the process unit 1 is assembled.
For example, in a configuration in which the case 63 (shown
in FIGS. 17A and 17B) of the lubricant supply device 6 is
removable from the outside, the support shaft 67 can be
moved externally after assembling of the process unit 1 is
completed. With this configuration, the pressing force can be
changed easily at markets or user sites.

Additionally, as shown in FIG. 20, an opening 92 may be
formed in the case 63 to expose the support shaft 67. Itis to be
noted that FIG. 20 is a cross sectional view of the interior of
the case 63 exposed by cutting the case 63 along the longitu-
dinal direction thereof| as viewed from above. This configu-
ration can eliminate the necessity of removal of the case 63 to
move the support shaft 67 along the groove 91 and thus
further facilitate the adjustment of the pressing force.

In this case, additionally, as shown in FIG. 21, the opening
92 formed in the case 63 has an opening area greater than that
of the groove 91 so that the support shaft 67 can be moved
along the groove 91 even when the lubricant holder 68 moves
as the solid lubricant 60 is consumed.

Further, the groove 91 may be modified into a stepwise
shape such that three or more retaining portions are formed at
different positions in the bias direction S of the spring 66. For
example, FIG. 22 illustrates a groove 91-3 that includes first,
second, and third retaining portions 91a, 915, and 91c. This
configuration enables stepwise adjustment of the pressing
force.

FIGS. 23A and 23B illustrate a variation of the lubricant
supply device 6 according to the second embodiment, shown
in FIGS. 16A to 18.

The configuration shown in FIGS. 23A and 23B is different
from that shown in FIGS. 16 A to 18 in that the grooves 91 to
support the respective support shafts 67 are formed in not the
Iubricant holder 68 but the case 63. In the configuration
shown in these drawings, as one end of the arm 65 is pulled to
the side of the spring 66 by the bias force of the spring 66, the
other end of the arm 65 contacts and presses the second face
of the lubricant holder 68 opposite the first face of the lubri-
cant holder 68 that holds the solid lubricant 60. Other than
that, the configuration shown in FIGS. 23 A and 23B is similar
to that shown in FIGS. 16 A and 16B. In the lubricant supply
device 6 shown in FIGS. 23A and 23B as well, the pressing
force can be changed easily by moving the support shafts 67
along the respective grooves 91.

Further, as shown in FIG. 24, exposing the support shafts
67 through the grooves 91 formed in the case 63 is advanta-
geous since this configuration provides access to the support
shafts 67 from the outside of the case 63 to move the support
shafts 67. Additionally, as in the configuration shown in FIG.
24, when the grooves 91 are formed at positions where the
support shafts 67 are easily viewed or accessed from above,
the operability can improve since it is not necessary to tilt or
turn upside down the process unit 1 to operate the support
shafts 67. For example, in FIG. 24, the grooves 91 are formed
in a side face of the case 63 facing up obliquely. This con-
figuration is particularly advantageous in preventing leak of
toner when an upper force of the process unit 1 includes a
supply inlet 45 through which toner is supplied into the devel-
oping device 4.

As described above, according to the second embodiment,
the pressing force pressing the solid lubricant to the lubricant
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supply member (such as the supply roller 61) can be changed
easily using the pressing force adjuster constructed of the
support shafts 67 and the first and second retaining portions
91a and 915 of the grooves 91 to retain the support shaft 67.
The pressing force can be changed by moving, from one
retaining portion to another retaining portion, the arms 65
serving as the supporter to support the spring 66 (elastic
member) in accordance with differences in configuration.

[Third Embodiment]

FIGS. 25A and 25B are schematic views of a lubricant
supply device according to a third embodiment.

It is to be noted that, as described above with reference to
FIGS. 3A and 3B, in FIGS. 25A and 25B, reference character
B represents the hooked positions B, where the springs 66 are
hooked on the respective arms 65, and reference characters
D1 and D2 represent the distance between the hooked posi-
tions B.

The lubricant supply device 6 shown in FIGS. 25A and 25B
includes a restrainer 81 as the pressing force adjuster to
change the pressing force exerted by the pressing member 62.

The restrainer 81 can be removably attached to the spring
66 serving as the elastic member. FIG. 26A illustrates a state
in which the restrainer 81 is attached to the spring 66, and
FIG. 26B illustrates a state in which the restrainer 81 is
removed from the spring 66.

Being attached to the spring 66, the restrainer 81 restrains
the spring 66 with the amount of elastic deformation of the
spring 66 different from that in a state in which the spring 66
is not restrained by the restrainer 81. Specifically, as shown in
FIG. 26A, the restrainer 81 being attached to the spring 66
restrains the spring 66 with an intermediate portion 662 of the
spring 66 compressed. Contrary to the compressed interme-
diate portion 662, both end portions 661 of the spring 66 are
pulled further and retained in this state. That is, the restrainer
81 restrains the end portions 661 in a further pulled state.

Additionally, as shown in FIG. 26B, when the restrainer 81
is removed therefrom, the compression of the intermediate
portion 662 is canceled. Accordingly, the tension of the end
portions 661 is loosened.

Referring to FIG. 27, the restrainer 81 includes a pair of
restraining portions 81a¢ and a connecting portion 815 con-
necting together the restraining portions 81a. The restraining
portions 81a are parallel to each other and at a predetermined
distance from each other. The connecting portion 815 is sub-
stantially perpendicular to the restraining portions 81a and
connects ends thereof on the same side (in FIG. 27, the lower
side). Additionally, a retaining hole 81c¢ is formed in each
restraining portion 81la. The spring 66 is inserted into the
retaining holes 81¢ and retained thereby. Additionally, a slot
814 is formed in each restraining portion 81a. The slot 814
extends from the retaining hole 81¢ to the end (in FIG. 27, the
upper end) of the restraining portion 81a opposite the end
thereof connected to the connecting portion 815. The spring
66 can be inserted via the slot 814 into the retaining hole 81¢
and removed therefrom.

The restrainer 81 can be attached to the spring 66 as fol-
lows. Compress the intermediate portion 662 of the spring 66
with, for example, fingers, sandwich the both sides of the
compressed intermediate portion 662 by the restraining por-
tions 81a, and attach the restrainer 81 to the spring 66 in this
state. Thus, both ends of the intermediate portion 662 are
restrained by the restraining portions 81a, thereby keeping
the intermediate portion 662 compressed.

The spring 66 according to the third embodiment further
includes straight portions 664 and 66¢ (shown in FIGS. 26 A
and 26B) that are not coiled, respectively disposed between
the intermediate portion 662 and one of the end portions 661.
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The restraining portions 81a are attached to the straight por-
tions 664 and 66¢, respectively. Since the intermediate por-
tion 662 and the end portions 661 are thus separated via the
straight portions 664 and 66e, the positions where the
restraining portions 81a are attached can be clear, thus facili-
tating attachment of the restraining portions 81a to the proper
positions.

As shown in FIG. 26 A, in a state in which the restrainer 81
is attached to the spring 66, the intermediate portion 662
thereof is compressed. On the contrary, the end portions 661
of the spring 66 are pulled further and retained in this state.
Thus, in the state in which the restrainer 81 is attached to the
spring 66, the end portions 661 are pulled further, thereby
increasing the amount of pulling force and bias force given to
the arms 65 from the amounts of those forces in the state
without the restrainer 81. Consequently, with the restrainer 81
being attached to the spring 66, the pressing force pressing the
solid lubricant 60 to the supply roller 61 is kept at a greater
force from that in the state without the restrainer 81.

By contrast, as shown in FIG. 26B, when the restrainer 81
is removed therefrom, the compression of the intermediate
portion 662 is canceled, and the tension of the end portions
661 is loosened accordingly. Consequently, the bias force
given to the arms 65 is weakened, and the strength of pressing
force with which the solid lubricant 60 is pressed to the supply
roller 61 is weakened accordingly. Thus, the pressing force
can be reduced easily from the greater force to the smaller
force by removing the restrainer 81.

In the third embodiment, for example, the restrainer 81
serving as the pressing force adjuster is preliminarily attached
in all process units 1 in manufacturing, thereby setting the
pressing force to the greater force in all process units 1,
regardless of differences in configurations. After the lubricant
supply devices 6 is assembled in the process units 1, or at a
final manufacturing process, the restrainer 81 is removed as
required to reduce the pressing force to the smaller force.

As described above, according to the third embodiment, in
the lubricant supply device 6 that includes the lubricant sup-
ply member (i.e., supply roller 61) to supply lubricant to a
lubrication target and the elastic member (i.e., spring 66) to
exert bias force for pressing the solid lubricant 60 to the
lubricant supply member, a restrainer (i.e., restrainer 81) is
provided. The restrainer is removably attached to the elastic
member to retain the elastic member with an amount of elastic
deformation of the elastic member varied from the amount of
elastic deformation in a state in which the restrainer is not
attached to the elastic member.

The restrainer 81 serves as the pressing force adjuster. The
pressing force pressing the solid lubricant 60 to the supply
roller 61 can be changed easily by attaching the restrainer 81
to the spring 66 and removing the restrainer 81 therefrom.

For example, the restrainer 81 is preliminarily attached to
the spring 66 commonly in all process units 1 in manufactur-
ing, thereby setting the pressing force identical (i.e., greater
force) in all process units 1 regardless of differences in con-
figurations, and the restrainer 81 is removed as required later
in accordance with differences in configuration (rotational
velocity of the supply roller 61, the charge type of the image
forming unit, or the like). Thus, the pressing force is reduced.

On the contrary, initially the lubricant supply device 6 may
be assembled without the restrainer 81, and the restrainer 81
may be attached later as required.

Thus, the third embodiment also concerns a method of
manufacturing the above-described process unit. The method
includes the following steps of: in assembling of the lubricant
supply device, the restrainer is attached to the elastic member
to retain the elastic member with an amount of elastic defor-
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mation of the elastic member varied from the amount of
elastic deformation in a state in which the restrainer is not
attached to the elastic member; and, after the lubricant supply
device is assembled, the restrainer is removed from the elastic
member as required.

It is preferred that the restrainer 81 can be installed or
removed externally after the process unit 1 is assembled. For
example, in a configuration in which the case 63 (shown in
FIGS. 25A and 25B) of the lubricant supply device 6 is
removable from the outside, attachment or removal of the
restrainer 81 can be done from the outside after assembling of
the process unit 1 is completed.

Additionally, as shown in FIG. 28, providing a window 85
in the case 63 for checking the restrainer 81 is advantageous
since it is not necessary to remove the case 63 to check the
presence or absence of the restrainer 81 from the outside. In
the configuration shown in FIG. 28, for example, the window
85 is constructed of an opening 86 positioned corresponding
to the position where the restrainer 81 is housed in the case 63
and a transparent seal 87 to cove the opening 86.

Additionally, the restrainer 81 may be pertly exposed from
the case 63 as shown in FIG. 29. This configuration can
eliminate the necessity of removal of the case 63 to install or
remove the restrainer 81 and thus further facilitate the attach-
ment or removal. Specifically, in the configuration shown in
FIG. 29, a through hole 82 into which the restraining portion
81a is inserted is formed to penetrate the case 63 from outside
to the inside of the case 63. In the state in which the restrainer
81 is attached to the spring 66, the connecting portion 815 is
exposed, and removal of the restrainer 81 can be possible
from outside the case 63 by gripping the exposed connecting
portion 814.

Additionally, as shown in FIG. 30, an opening 83 may be
formed in the case 63 at the position where the restrainer 81 is
housed so that the restrainer 81 can be accessed from the
outside for attachment and removal thereof. Further, in the
configuration shown in FIG. 30, a lid 84 to close the opening
83 is provided to inhibit scattering of lubricant and toner
therefrom. In this configuration, access from outside the case
63 to the restrainer 81 for removal is available when the lid 84
is removed from the case 63. When the lid 84 is formed with
atransparent material, the presence of the restrainer 81 can be
visually checked from the outside in the state in which the lid
84 is closed.

Yet additionally, the restrainer 81 may be provided with an
interference portion, such as an interference projection 88
showninFI1G. 31A, designed to interfere with the frame of the
apparatus body 100 (at the position Q shown in FIG. 31A)
when the wrong lubricant supply device 6 or the wrong pro-
cess unit 1 is installed. FIG. 32 is cross-sectional view along
line X-X shown in FIG. 31A. As shown in FIG. 32, in this
case, the interference projection 88 is provided to a portion of
the restrainer 81 exposed outside the case 63. This configu-
ration can prevent installation of the wrong lubricant supply
device 6 or the wrong process unit 1.

By contrast, as shown in FIG. 31B, by forming the recess
101 to avoid the interference projection 88 can be formed at
the proper installation portion. With this configuration, the
Iubricant supply device 6 or the process unit 1 can be installed
in the proper installation portion.

Additionally, as shown in FIG. 33, multiple restrainers 81
may be attached to the spring 66. This configuration enables
stepwise adjustment of the pressing force.

FIGS. 34A and 34B illustrate a lubricant supply device 6 as
a variation of the third embodiment.

The configuration shown in FIGS. 34 A and 34B is different
from that shown in FIGS. 16 A and 16B in that the support
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shafts 67 to support the respective arms 65 are provided to not
the lubricant holder 68 but the case 63, which is similar to the
configuration shown in FIGS. 14A and 14B. As described
above with reference to FIGS. 14A and 14B, as one end of the
arm 65 is pulled, the other end of the arm 65 contacts and
presses the second face of the lubricant holder 68 opposite the
first face holding the solid lubricant 60. Other than that, the
configuration shown in FIGS. 34A and 34B is similar to that
shown in FIGS. 16A and 16B. In the lubricant supply device
6 shown in FIGS. 34A and 34B as well, the pressing force can
be changed easily by attaching the restrainer 81 to the spring
66 and removing the restrainer 81.

As described above, according to the third embodiment
and the variations thereof, the pressing force pressing the
solid lubricant to the lubricant supply member (such as the
supply roller 61) can be changed easily by attaching and
removing the restrainer 81, serving as the pressing force
adjuster, to restrain the elastic member (such as the spring
66).

Thus, according to the above-described first, second, and
third embodiments, the pressing force pressing the solid
lubricant to the lubricant supply member (such as the supply
roller 61) can be changed easily using the pressing force
adjuster in accordance with differences in configuration (ro-
tational velocity of the supply roller 61, the charge type of the
image forming unit, or the like).

For example, in the first embodiment, the switching mem-
ber 71 serves as the pressing force adjuster. In the second
embodiment, the pressing force adjuster is constructed of the
support shafts 67 and the first and second retaining portions
91a and 915 of the grooves 91 to retain the support shaft 67.
In the third embodiment, the restrainer 81 serves as the press-
ing force adjuster.

This configuration can simplify adjustment of the pressing
force, improving work efficiencies.

Additionally, according to the embodiments described
above, components (such as springs) constructing the press-
ing member can be common among different machine types,
thus obviating the necessity to manufacture a dedicated press-
ing member for each of different machine types or different
image forming units. Accordingly, inventory management
and assembling work can be simplified, and the cost can be
reduced.

Although the descriptions above concern the lubricant sup-
ply device 6 to lubricate the surface of the photoreceptor 2,
alternatively, the aspects of the present invention can adapt to
Iubricant supply devices to lubricate the surface of a belt such
as an intermediate transfer belt. Moreover, image forming
apparatus that can use the lubricant supply devices according
to the above-described embodiments are not limited to the
configuration shown in FIG. 1 but may be other type image
forming apparatuses, namely, other type copiers, facsimile
machines, or multifunction machines (so-called multifunc-
tion peripheral or MFP) having these capabilities.

In the description above, it will be understood that if an
element or layer is referred to as being “on,” “against,” “con-
nected to” or “coupled to” another element or layer, then it
can be directly on, against, connected, or coupled to the other
element or layer, or intervening elements or layers may be
present. In contrast, if an element is referred to as being
“directly on”, “directly connected to” or “directly coupled to”
another element or layer, then there are no intervening ele-
ments or layers present. As used herein, the term “and/or”
includes any and all combinations of one or more of the
associated listed items.

Spatially relative terms, such as “beneath”, “below”,
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for ease of description to describe one element or feature’s
relationship to another element(s) or feature(s) as illustrated
in the figures. It will be understood that the spatially relative
terms are intended to encompass different orientations of the
device in use or operation in addition to the orientation
depicted in the figures. For example, if the device in the
figures is turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, term such as
“below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

Although the terms first, second, etc. may be used herein to
describe various elements, components, regions, layers and/
or sections, it should be understood that these elements, com-
ponents, regions, layers and/or sections should not be limited
by these terms. These terms are used only to distinguish one
element, component, region, layer or section from another
region, layer or section. Thus, a first element, component,
region, layer or section discussed above could be termed a
second element, component, region, layer or section without
departing from the teachings of the present invention.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to be
limiting of the present invention. As used herein, the singular
forms “a”, “an” and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “includes” and/or
“including”, when used in this specification, specity the pres-
ence of stated features, integers, steps, operations, elements,
and/or components, but do not preclude the presence or addi-
tion of one or more other features, integers, steps, operations,
elements, components, and/or groups thereof.

Numerous additional modifications and variations are pos-
sible in light of the above teachings. It is therefore to be
understood that, within the scope of the appended claims, the
disclosure of this patent specification may be practiced oth-
erwise than as specifically described herein.

What is claimed is:

1. A lubricant supply device comprising:

a solid lubricant;

a lubricant holder to hold the solid lubricant;

a lubricant supply member to supply lubricant to a lubri-
cation target;

a pressing member that presses against the lubricant holder
to press the solid lubricant toward the lubricant supply
member, the pressing member including at least one
rotatably movable arm and an elastic member; and

a pressing force adjuster connected to the pressing mem-
ber, the pressing force adjuster being configured to move
from a first position to a second position relative to the
pressing member.

2. The lubricant supply device according to claim 1,
wherein the elastic member exerts elastic force to press the
solid lubricant toward the lubricant supply member,

the pressing force adjuster comprises a switching member
disposed between an end of the elastic member and a
supporter to support the end of the elastic member, and

the switching member is switched between a first posture
to connect together the end of the elastic member and the
supporter with a distance therebetween reduced in a
biasing direction of the elastic member, and a second
posture to connect together the end of elastic member
and the supporter with the distance therebetween
increased in the biasing direction.
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3. The lubricant supply device according to claim 2,
wherein the elastic member comprises a tension spring,

the switching member comprises first, second, and third
hook portions,

a distance between the second and third hook portions is
greater than a distance between the first and second hook
portions,

the end of the tension spring and the supporter are respec-
tively hooked on first and second hook portions when the
switching member is in the first posture, and

the end of the tension spring and the supporter are respec-
tively hooked on the second and third hook portions
when the switching member is in the second posture.

4. The lubricant supply device according to claim 3,
wherein the first and second hook portions are curved por-
tions continuous with each other, and the third hook portion is
a curved portion continuous with the second hook portion and
farther from the second hook portion than the distance
between the first and second hook portions.

5. The lubricant supply device according to claim 4,
wherein the second hook portion and one of the first and third
hook portions follow an identical arc.

6. The lubricant supply device according to claim 2, further
comprising a case to house the solid lubricant and the elastic
member,

wherein an opening is formed in the case to enable access
to the switching member from outside the case to oper-
ate the switching member.

7. The lubricant supply device according to claim 2,
wherein the switching member comprises an opposed portion
disposed facing an outer circumference of the elastic member,
and

the opposed portion is shaped to conform to the outer
circumference of the elastic member.

8. The lubricant supply device according to claim 2,
wherein the supporter to support the end of the elastic mem-
ber is movable in a biasing direction of the elastic member,
and

the pressing force adjuster includes multiple retaining por-
tions disposed at different positions in the biasing direc-
tion to retain the supporter at different positions.

9. The lubricant supply device according to claim 8,
wherein the pressing force adjuster further comprises a guide
portion disposed between the multiple retaining portions to
guide the supporter.

10. The lubricant supply device according to claim 9,
wherein a groove is formed in the lubricant holder, and the
groove forms the multiple retaining portions and the guide
portion.

11. The lubricant supply device according to claim 9, fur-
ther comprising a case to house the solid lubricant and the
elastic member,

wherein a groove is formed in the lubricant holder, and the
groove forms the multiple retaining portions and the
guide portion.

12. The lubricant supply device according to claim 11,

wherein the supporter is partly exposed outside the case,

the pressing member further includes an arm connected to
the end of the elastic member, the arm pivotable about a
support shaft to press the solid lubricant against the
lubricant supply member by a bias force exerted by the
elastic member, and

the support shaft is movable along the groove.
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13. The lubricant supply device according to claim 1,
wherein the pressing force adjuster comprises a restrainer
removably attached to the elastic member to retain the elastic
member with an amount of elastic deformation of the elastic
member varied from the amount of elastic deformation in a
state in which the restrainer is not attached to the elastic
member.

14. The lubricant supply device according to claim 13,
wherein the restrainer comprises a pair of restraining portions
to retain the elastic member in a compressed state and a
connecting portion connecting together the restraining por-
tions.

15. The lubricant supply device according to claim 13,
further comprising a case to house the solid lubricant and the
elastic member,

wherein the restrainer is partly exposed from the case.

16. The lubricant supply device according to claim 13,
further comprising a case to house the solid lubricant and the
elastic member,

wherein an opening is formed in the case to enable attach-

ment and removal of the restrainer from outside the case,
and

alid to close the opening is removably provided to the case.

17. A process unit removably mounted in an apparatus
body of an image forming apparatus, the process unit com-
prising:

a photoreceptor to be lubricated; and

the lubricant supply device according to claim 1 to lubri-

cate the photoreceptor.

18. An image forming apparatus comprising:
a photoreceptor to be lubricated; and
the lubricant supply device according to claim 1.

19. A method of manufacturing a process unit that includes
aphotoreceptor to be lubricated and a lubricant supply device
provided with a pressing member, that includes at least one
rotatably movable arm and an elastic member connected to
the at least one rotatably movable arm at an end of the elastic
member, to press a solid lubricant to a lubricant supply mem-
ber, the method comprising:

retaining the pressing member to exert a predetermined

amount of bias force in assembling of the lubricant sup-
ply device; and

changing the amount of bias force exerted by the pressing

member as required after the lubricant supply device is
assembled by adjusting a position of a pressing force
adjuster from a first position to a second position relative
to the pressing member.

20. The method according to claim 19, wherein
the method further comprises:

retaining the pressing force adjuster in one of a first posture
to connect together the end of the elastic member and a
supporter with a distance therebetween reduced in a
biasing direction of the elastic member, and a second
posture to connect together the end of elastic member
and the supporter with the distance therebetween
increased in the biasing direction; and

switching the pressing force adjuster to the other posture as
required after the lubricant supply devices is assembled.
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